ular juxtaglomerular (j.g.) cells at the vascular pole of the kidney glorneruli, various roles have been assigned to them. It has been suggested that j.g. cells might modify the blood flow to the glomerulus through their location in the afferent arteriolar wall. 2 -3 Corbascio* has likened them to mast cells on the basis of similar staining properties and identical responses to degranulating agents; thus, through the release of vasoactive agents, he postulated that j.g. cells could influence glomerular filtration and flow. Goormaghtigh, 5 Hartroft, 8 Tobian, 7 ' 8 and others 9 believe that these cells might be the much debated site of renin synthesis.
Inasmuch as j.g. cells have been equated with mast cells, 4 a study was made of their reactions to agents known to degranulate mast cells. 4 ' 10 " 12 As a corollary, the response of recognizable mast cells to situations known to affect j.g. cells 5 ' 8 ' 13 ' 14 was also studied; other organs were investigated in a search for granulated cells that might be similarly affected. Mast cells, j.g. cells, and the renin content of kidneys were studied to determine whether any correlations existed.
The present studies do not support the identity of the two cell types because of different responses and the unique location of j.g. cells; there appears to be an association between renin levels in the kidney and the number and granularity of j.g. cells.
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Methods Animals
Eighty-two rats of both sexes, weighing approximately 200 Gm., were subdivided into three categories. Twenty-five Carworth Farm Nelson (Wistar) rats were subjected to procedures reported to alter j.g. cells. Forty-two Charles River (Sprague-Dawley) and Carworth Farm Nelson (C.F.N.) rats were treated with histamine liberators known to degranulate mast cells. A total of 15 rats of both strains served as controls (group 1, table 1).
In the first category, 10 rats (group 2) were made hypertensive by placing a no. 22 needle stylet alongside the left renal artery. and tying a silk ligature around both; the stylet was then promptly removed. Blood pressures were measured by the microphonic method of Friedman and Freed. 15 Sixty days postoperatively, the blood pressure in this group averaged 175 mm. Hg, with a range of 160 to 200 mm. Hg. Desoxycorticosterone (DOCA) hypertension was induced in eight rats (group 3) by unilateral nephreetomy, subcutaneous implantation of 50 mg. of DOCA, in pellet form, and the substitution of 1 per cent NaCl solution for drinking water; blood pressures, 60 days postoperatively, ranged from 180 to 250 mm. Hg, with a mean of 205 mm. Hg. Seven additional normal rats were given 1 per cent NaCl solution to drink, in place of tap water, for six months (group 4). Blood pressures for this group averaged 110 mm. Hg, and ranged from 90 to 120. The mean pressure for the control group was 105 mm. Hg, and varied within a range of 95 to 120 mm. Hg.
Compound 48/80, a condensation product of pmethoxyphenethyhnethylamine and formaldehyde, and a glucose polymer, dextran,* were used to degranulate mast cells. Sixteen rats were treated with 48/80 intraperitoneally according to dosage schedules similar to those outlined by Riley 11 (group 5 days of which were similar to the previous group; in the remaining days, the following doses were administered: days 5 to 7, 200 /u.g.; days 8 to 10, 250 fig.; days 11 to 18, 300 fxg., daily, respectively. An additional 10 rats (group 6) received compound 48/80 intravenously. Six were given 50 jxg. and sacrificed after two hours. Pour were given 48/80 for five days according to the following schedule: 50, 75, 75, 100, 150 /xg. They were sacrificed two hours after the last injection.
Dextran, 30 mg. per 100 Gm. of body weight, was administered intravenously to eight rats (group 7). They were sacrificed 30 minutes later, at the peak of the anaphylaetoid reaction that occurred with this agent. This dose, route of administration, and time of sacrifice have been reported as the optimal conditions for degranulating j.g. cells as well as dermal mast cells. 4 Since the effect on j.g. cells described by Corbascio 4 was not observed with the 30-mg. dose, another series of eight rats was given twice the dose of dextran, 60 mg./lOO Gm. (group 8).
Preparation and Bioassay of Renin
Extracts of kidneys for renin content were prepared as outlined in a previous publication. 9 Each was separately assayed in anesthetized rats which had received no previous injection other than the anesthetic agent. Extracts, especially those showing decreased renin content, were tested both in 24hour-nephrectomized and in normal intact rats. The extracts produced comparable effects in the two types of test rats; this was substantiated by tests with a standardized renin* preparation. The normal rat was used in the majority of our assays because it withstood anesthesia better and had a more stable baseline blood pressure.
The extracts elicited a response typical of renin in that after a latent period of approximately 30 seconds, the pressure rose quickly to a peak which, over a period of 15 minutes, gradually tapered to nearly baseline levels. Subsequently, for about 30 minutes, the preparation exhibited taehyphylaxis to standard amounts of renin, but not to epinephrine. In table 1, the renin content is expressed in rat units per gram of kidney by the method previously described 9 (one rat unit of renin is that amount which raises the blood pressure of the rat by 35 mm. Hg).
Preparation of Histological Sections
Portions of hearts, kidneys, livers, and skin from the foot pads were fixed in Helly's fluid (Zenkers plus 5 per cent formalin) promptly after sacrificing the animal. In addition to the use of routine hematoxylin-and eosin-stained sections, 'Supplied by Dr. O. Helmer, Lilly Research Laboratories.
the Bowie stain, as described by Pitcock and Hartroft, 14 was used to demonstrate the granules in the j.g. cells of the kidneys. Sections of other organs were also stained by this method in a search for granulated cells that might be present in, or near, the blood vessel wall.
Hartroft's method 13 of studying j.g. cells was employed. This involved grading and weighing all granular j.g. complexes encountered while counting 100 glomeruli under high power (X 480). The juxtaglomerular index (J.G.I.) thus measured both the number and granularity of the j.g. cells.
The Dominiei method for staining mast cells was used on the skin and kidneys after fixation in 10 per cent neutral formalin. Toluidine blue in an acid buffer was employed in this method. Mast cells were studied in the renal hilar fat as well as in the skin.
Mast cells were enumerated in the following manner. Sections were cut at a uniform thickness of 5 fx. All the mast cells were counted in 50 consecutive high-power fields (10 X eyepieces and 40 X "dry" objective in a binocular microscope) and totaled. This figure formed the mast cell number (M.C.N.). When the sample of skin from the foot pads was small, or the peripelvie (hilar) renal fat was sparse and 50 fields could not be counted on one slide, deeper sections (not serial sections) were used until this area was examined. Midsagittal sections of the kidney were examined in order to obtain maximal amounts of hilar renal fat on each section.
Results
A summary of pertinent microscopic findings and the renin content in the various experimental situations is presented in table 1.
Microscopic Findings in Experiments Altering Granular Juxtaglomerular Cells
In the ligated* kidneys of the renal hypertensive group (group 2, table 1), the j.g. cells showed hypertrophy, hyperplasia, and dense granularity (figs. 1 and 2) leading to an average threefold increase in the juxtaglomerular index (J.G.I.). The J.G.I, was approximately 30 times smaller in the contralateral kidneys (group 2, table 1) of the renal hypertensives and the kidneys of the DOCA hypertensives (group 3, table 1). In the group (group 4, table 1) receiving 1 per cent XaCl solution to drink for six months, the J.G.I, averaged 4, a ninefold decrease in the mean *Ligated kidney refers to the kidney with partial constriction of the renal artery. value. The mast cells in the neighboring hilar renal fat showed no significant variations from the normal controls (group 1, table 1).
Incidental microscopic findings revealed atrophy and hyaline droplet degeneration of renal tubular cells in the ligated kidneys. In the contralateral kidneys and in the kidneys of the DOCA hypertensive animals, arterial and arteriolar sclerosis appeared roughly paralleling the degree of hypertension. No pertinent lesions were noted in the kidneys of rats on a 1 per cent XaCl regimen. Microscopic evidence of inflammation was not found in these kidneys.
Microscopic Findings with Agents Known to Degranulate Mast Cells
Compound 48/80 was effective in degranulating mast cells as indicated by an approximate 15-fold decrease in the average M.C.N. in the hilar renal fat. The dosage schedule lasting four to five days was somewhat more effective in this regard than the other two regimens; no significant differences were noted between the intraperitoneal (group 5) and intravenous (group 6) routes. Flashing and edema of the skin was marked after a single large dose; this became less noticeable on successive days in the groups receiving prolonged courses. The rats treated intraveneously showed somewhat more intense edema and flushing and, in addition, developed diarrhea and lethargy. As noted in table 1 (groups 5 and 6), the juxtaglomerular indices were not affected by compound 48/80. The extent of the change in the M.C.X. was of the same order The glucose polymer, dextran, was active in degranulating dermal mast cells, resulting in an average 30-fold decrease in the dermal M.C.N. (group 7). Its effects in the hilar renal fat were less obvious and only after the use of the higher dose (60 mg./lOO Gm., group 8) of dextran was there a demonstrable decrease in the M.C.N. Dextran, regardless of the dose, had no noticeable effects on the granular j.g. cells. Treatment with 48/80 and dextran caused no other histological changes.
Comparison of Location and Staining Properties of Juxtaglomerular Cells and Mast Cells
The Bowie stain delineated the granules of both j.g. cells and mast cells in violet and blue shades respectively. The nonspecific nature of the stain is indicated by the fact that the alpha-islet cells in the pancreas are similarly stained. When the Dominici method was used, the mast-cell granules showed metachromasia, whereas the granules of j.g. cells were not stained.
In the organs studied, mast cells were found in the outer adventitia, periadventitial tissues, or lying free, unassociated with blood vessels. The granular j.g. cells were, without exception, located entirely within the media of afferent arterioles in the kidneys.
Neither of these two special staining techniques revealed granulated cells Avithin the media or inner adventitia of blood vessel walls in the other organs (heart, liver, and skin).
Benin Content
The renin levels appeared to parallel the changes in the J.G.I. In the ligated kidneys, a two-to threefold increase in the J.G.I., was accompanied by a similar rise in the renin content per gram of kidney tissue. Extracts of the contralateral kidneys from the renal hypertensives, and the kidneys of the DOCA hypertensives failed to reveal measurable amounts of renin, thus paralleling the virtual absence of j.g. cells in these kidneys. Bioassays of renal extracts from the rats drinking 1 per cent XaCl for six months showed little renin activity. Compound 48/80 and dextran did not measurably alter renin levels.
Discussion
According to the foregoing data there appears to be a lack of identity between j.g. cells and mast cells by virtue of their different behavior and by a dissimilar affinity for critical stains.
The granular juxtaglomerular cells were not affected by compound 48/80 or dextran, while the mast cells were largely degranulated. The agent 48/80 was more active in this regard, and has been shown to deplete mast cells in numerous locations. 11 ' 12 It thus seems unlikely that j.g. cells were not degranulated because of their location, siuce neighboring mast cells in the hilar fat were affected by 48/80. Three experimental conditions led to a depletion of j.g. cells; partial ligation of the renal artery increased the number and granularity of j.g. cells. None of these situations affected the mast cells lyiug in the adjacent hilar adipose tissue.
Corbascio 4 has reported degranulation of dermal mast cells as well as j.g. cells with dextran. This glucose polymer, used under similar conditions in the present study, affected only the mast cells. It is possible that strain differences may account for the discrepancy in results, but if this is the case then such restricted data must be interpreted with caution. In our work, a more powerful mastcell depletor, 48/80 was used on two strains of rats and caused disruption of mast cells, but had no discernible effects on j.g. cells.
The completely intramural nature of j.g. cells in renal arterioles was in contrast to the generally periadventitial localization of tissue mast cells. The latter were not found deeper than the outer adventitia and, in many areas, were not associated with blood vessels. This distribution of mast cells is in keeping with Riley's studies on the relationship of these cells to blood vessels in the rat. 16 Because of their location within the media, j.g. cells have been considered by some investigators to be modified smooth muscle cells. 1 ' 5 Goormaghtigh, on the basis of developmental studies in renal hypertensive dogs and rabbits was able to trace the transformation of afibrillar muscle cells to granulated cells, within the walls of renal afferent arterioles. 5 It should be noted that while afibrillar cells are present in arteriolar walls in many organs, it is only in the kidney that they acquire granules. 6 In the present investigation, we were unable to find granulated cells within the media of blood vessels in extrarenal locations. Pollack 17 has demonstrated mast cells in the intima of the aorta and main pulmonary artery in humans, but not in the media or inner adventitia, nor in blood vessel walls of smaller caliber. Thus, the j.g. cells have a restricted localization which is in contrast to the nearly ubiquitous distribution of connective tissue mast cells. The ability of mast cells to respond and take part in inflammatory reactions makes it imperative to rule out such processes when determining the normal distribution of granulated cells within an organ.
The j.g. cells failed to show metachromatic properties by our techniques. The Dominiei Circulation Research, Volume IX, July 1861 method delineated the metachromasia of mast cells in the renal hilar fat, but failed to stain the j.g. granules in the adjacent renal tissue on the same section.
Previous work by Harada 18 and Corbascio 4 showed that the granules of j.g. cells could become metachromatic after fixation of the kidney in fluids containing strong oxidants, as potassium dichromate, but not after fixation in formaldehyde. As noted in McManus' recent textbook, the fixatives used to demonstrate metachromatic properties should be simple, such as formaldehyde or alcohol, since fluids containing strong oxidizing agents, such as chromic acid, can produce factitious metachromasia; 19 for instance, if glycogen, which normally is not metaehromatic, is subjected to strong oxidants, it will exhibit true metachromasia. 20 The explanation generally given for this is the conversion of the aldehyde moieties to carboxylic groups, which in turn foster metachromasia. 20 Corbascio 4 has demonstrated metachromasia of j.g. cell granules with toluidine blue at a neutral pH in fresh frozen sections, but the commonly advised methods using toluidine blue for metaehromasia of mast cell granules advise a pH of 3.5 to 4.5. 20 The significance of metachromasia with the thiazine dye, toluidine blue, may not be the same at different pH's. Michaelis and Granick 20 believe that metachromasia is due to polymerization of the dye molecule; this latter process is enhanced considerably by raising the pH. 20 Thus, it would seem that if metachromasia of granulated cells is to be a criterion of classification, then the methods employed in its demonstration should be uniform for all cell types, and preferably those recommended by standard references in histochemistry.
According to the data reported herein, there is a correlation between j.g.-cell granularity and renin levels in the kidney. This can be cited as indirect evidence regarding the function of j.g. cells. Some support has recently been given to this thesis by Hartroft and Edelman, 0 who, using the fluorescent antibody technique, have localized renin to the j.g, cells.
Summary
Mast cells, granular juxtaglomerular (j.g.) cells, and renal renin levels were studied in five different experimental conditions involving renal hypertension, DOCA hypertension, prolonged administration of NaCl in the drinking water, and treatment with compound 48/80, and dextran. The j.g. cells and mast cells behaved differently in each of these circumstances. A correlation between renin content and j.g. cells was observed. Metachromasia could not be detected in j.g. cells and their location appeared to be unique.
